also some evidence that some insect species use UV-A to avoid harmful UV-B radiation 2 (Sakai & Osakabe, 2010) . 3
In this work we have exposed the system Capsicum annuum L. (Solanaceae)-M. 4 persicae to various individual or mixed regimes of UV-A and UV-B during a variety of 5 periods ranging from hours to lifespan, to study aphid orientation and life history, as well as 6 pepper physiology. The hypotheses that we considered to control aphid populations are based 7 on how UV radiation affects plant-insect interactions in the glasshouse environment: (1) 8 long-term UV-B application during a sustained period of time directly triggers photochemical 9 modifications in pepper leaf tissue quality that make this host unattractive to aphids and 10 indirectly influence insect performance, (2) the absence of UV-A and UV-B directly reduces 11 aphid alighting, settlement, and dispersal, and (3) the presence of moderate UV-B radiation at 12 an early pepper growth stage indirectly enhances aphid resistance by deterring aphid choice 13 for plants previously grown under those conditions. 14 15 
Materials and methods

Aphid colonies 22
Two clonal populations of M. persicae were established on pepper plants from two virus-free 23 females in the UK and Spain. Individuals were synchronized prior to assays. In the UK, 24 wingless aphids provided by John Innes Centre (Norwich, UK) were reared in a growth 25 chamber at 22 °C, 70% r.h., and L16:D8 photoperiod. In Spain, aphids were reared in a 26 climate chamber at L16(23 °C):D8(20 °C) and 60-80% r.h. Alate aphids were produced by 27 placing 10 apterous adults per plant and developing the colony for 3 weeks to stimulate 28
overcrowding. 29 30
Effect of UV-B on Myzus persicae life history and pepper leaf chemistry 31
The first question to address was whether long-term UV-B application could trigger 32 photochemical modifications in pepper that would negatively affect aphid performance on 33
Comment [J1]:
I think it is a good idea to phrase your hypotheses a bit bolder… -I skipped the coulds and woulds (an hypothesis with 'could' in it is next to impossible to reject!)
Comment [BD2]:
We agree.
control/control, +UV-B/control, or control/+UV-B (n = 11). Using this design we could 23 determine direct and indirect effects (via plants) of UV-B on aphid performance. One 24 wingless M. persicae adult was placed in a clip-cage on the adaxial side of the youngest fully 25 expanded leaf of each plant and allowed to produce nymphs for 24 h. Three nymphs per plant 26 were kept on each plant and monitored until adulthood, and the rest were removed. When the 27 first nymph reached adult stage, the other two were removed. Offspring were counted by 28 removing nymphs daily for an equal number of days to the pre-reproductive period. Duration Pepper leaves were harvested to study direct effects of UV regimes on tissue quality prior to 1 aphid introduction at the eight-true-leaf stage and 40 days old, and at the end of the aphid 2 history experiment to study direct and indirect effects at the 14-true-leaf stage and 58 days 3 old. We measured plant height and leaf area with an Area Meter MK2 VM21N 30 (Delta T-4
Devices, Cambridge, UK). Each repetition corresponded to the harvest of all leaves from one 5 individual plant, which we processed, freeze-dried, and finely ground together. This ground 6 material was subdivided for phenolic, sugar, protein, and pigment analysis (n = 3). Height 7 and leaf area were evaluated at the 14-true-leaf stage to study accumulated UV effects on 8 final size and canopy growth. Chemical compounds were evaluated at the eight-true-leaf 9 stage to know initial tissue quality before placing aphids on those plants. 
UV-A/UV-B treatments 9
We tested three treatments: control, +UV-B, and +UV-A/+UV-B. Treatment '+UV-A' was 10 not included in this targeted design as this has already been covered by our previous research 11 evaluations at 24 and 48 h (Table 1) . Experiments were performed during a 4-week period. 6
Climatic conditions during the experiments were (mean ± SE =) 24.6 ± 0.1 ºC and 53.3 ± 7 0.3% r.h. 8
Distribution patterns of alate aphids were studied with the 'Spatial Analysis by 9
Distance IndicEs' (SADIE) methodology (Perry, 1995 (Perry, , 1998 , where each plant was the 10 spatial unit and the count was the mean number of alate aphids on each plant. The spatial 11
pattern of a population is described by the index of aggregation, Ia, which by convention 12
indicates an aggregated sample if Ia>1, a random sample if Ia = 1, and a regular sample if 13
Ia<1 (Perry et al., 1999) . SADIE also quantifies the degree to which each count contributes 
Indirect effect of UV-A/UV-B exposure of peppers before insect introduction 21
Seedlings were grown in an insect-proof chamber at L16(23 °C):D8(20 °C) and 60-80% r.h. 22
Three-week-old plants were transferred to cages under each of the three treatments (control, 23 +UV-B, and +UV-A/+UV-B) for two more weeks, and they were exposed to the regimes 3 h 24 a day (08:00-11:00 hours, GMT+1). Irradiance conditions during plant growth are 25 summarized in Table 1 . After this growth period, insect choice assays were performed using 26 a set of three cages. Fifteen plants (five of each treatment) were placed alternatively in a 5 × 3 27 disposition inside each cage. Two hundred alate aphids were released in black tubes at 28 canopy level inside each cage. Numbers of adults and nymphs on each plant were recorded 29 after 2, 6, 24, or 48 h in separate experiments. Each period of evaluation was repeated 6× (six 30 cages and 30 plant observations per treatment and time of evaluation). Choice experiments 31 received standard glasshouse irradiance conditions (Table 1) . Standard lamps remained 32 switched on continuously for evaluations at 2 and 6 h, and with a 16-h photoperiod for 33 evaluations at 24 and 48 h. Experiments were performed during a 7-week period. Climatic 34 treatment Control/+UV-B, but no differences were found when compared to Control/Control 26 (Table 2) . 27
Aphid performance was not altered by supplemental UV-B exposure. Pre-reproductive 28 period, effective fecundity, mean generation time, intrinsic rate of natural increase, and mean 29 relative growth rate were not different among treatments (Table 3) . 30
31
The absence of UV-A and UV-B directly reduced aphid settlement and dispersal 32
The settlement rate of alates on peppers was lowest under lack of UV radiation (control 33 treatment) after 24 and 48 h of release (24 h: F 2,9 = 6.585; 48 h: F 2,9 = 6.687, both P = 0.017; 1 Figure 1A ). After 24 and 48 h, plants had the fewest adults (24 h: H = 6.510, P = 0.039; 48 h: 2 H = 11.289, P = 0.004; Figure 1B ) and nymphs (24 h: H = 6.123, P = 0.047; 48 h: H = 11.302, 3 P = 0.004; Figure 1C ) under control treatment, and the most under treatment +UV-A/+UV-B. 4
No differences among treatments were found after 2 or 6 h ( Figure 1A-C) . 5
The patterns of alates studied with SADIE indicated that aphids were randomly 6 distributed in treatment +UV-A/+UV-B but they remained significantly aggregated in the 7 absence of UV-A and UV-B (control) after 2-48 h (Figure 2 ). Two and 48 h after release 8 aphids were significantly aggregated in treatment +UV-B (Figure 2) . 
Discussion
21
We examined the performance, settlement, and dispersal of the key aphid species M. persicae 22 on a pepper crop under different individual or mixed regimes of UV-A and UV-B radiation 23 during a variety of periods ranging from hours to lifespan. To our knowledge, this is the first 24 attempt to unravel the direct and plant-mediated roles of UV-A and UV-B at the same time 25 on aphid behaviour in glasshouse conditions. As the glass of the facility absorbed a 26 considerable amount of radiation, we cannot neglect the fact that the UV-A/UV-B ratio 27 present in our control conditions did not necessarily represent the normal proportion existing 28 in natural environments, but it constituted an ambient glasshouse treatment for our 29 experiments. Exposure to supplemental UV-B was found to alter pepper leaf chemistry; Table 2 Mean (± SE; n = 3) pepper leaf content and plant growth at two growth stages under the four UV-B regimes of the life-history 1 experiment (+UV-B/+UV-B: plants with supplemental UV-B before and after introduction of Myzus persicae; control/+UV-B: plants without 2 supplemental UV-B before aphid introduction and with supplemental UV-B after aphid introduction; +UV-B/control: plants with supplemental 3 UV-B before aphid introduction and without supplemental UV-B after aphid introduction; control/control: plants without supplemental UV-B 4 before and after aphid introduction). Means within a row followed by different letters are significantly different (ANOVA followed by LSD 
